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Background: Human milk has considerable short and long term benefits for preterm infants, but mothers
may experience difficulties in expressing breast milk for infants too immature or sick to breast feed.
Oxytocin has been used to assist breast feeding and milk expression, but few data are available to support
this intervention in the neonatal unit setting.
Aim: To test the hypothesis that oxytocin nasal spray increases early milk output in mothers expressing milk
for preterm infants.
Methods: A randomised, double blind trial of oxytocin nasal spray (100 ml per dose) versus placebo was
conducted in mothers delivering infants ,35 weeks gestation. Sprays were used before expression of milk
using an electric pump up to day 5.
Main outcome: Total weight of milk expressed while using spray (study powered to detect .1SD difference
between groups).
Secondary outcomes: Pattern of milk production; number of pumping sessions; weight/fat content of milk
expressed during a fixed 20 minute period on day 5 (‘‘physiological study’’); mother’s opinion of
expressing and spray assessed by questionnaire.
Results: Fifty one mothers were randomised (27 oxytocin, 24 placebo). Total milk production did not differ
between groups. Repeated measures analysis of variance suggested significantly (p = 0.001) different patterns
of milk production, with initial faster production in the oxytocin group then convergence between groups. Parity
did not influence the response to the intervention. No significant differences were seen in milk weight or fat
content in the physiological study nor in mothers’ opinions of milk expression and treatment.
Conclusions: Despite marginal differences in the pattern of early milk production, the use of oxytocin nasal
spray did not significantly improve outcome. Most mothers believed they were receiving the active spray,
suggesting a significant placebo effect (supported by limited data from historical controls) and benefits
from the extra breast feeding support available during the study.

T
he importance of human milk for preterm infants is well
established, with benefits both in the short term1–3 and
also for longer term health.4–6 Consequently, mothers

delivering prematurely are strongly encouraged to provide
breast milk for their infant, even if they do not intend to
breast feed beyond discharge. Infants born before 34 weeks
gestation are usually too immature to suck, so the mother
must express breast milk, which is then fed to the infant
through a nasogastric tube. The difficulties experienced by
mothers in this situation are well documented, and it is
perhaps not surprising that the proportion that eventually
establish full breast feeding is fairly low.7 Techniques
designed to support mothers and maximise their milk
production are therefore important. Most successful methods
are based on the underlying physiology of lactation—for
example, increasing the frequency of pumping,8 hand
massage before expressing milk,9 breast pumps designed to
operate in a more physiological manner,10–12 and the use of
dopamine antagonists to increase plasma prolactin concen-
trations.13–15

The effect of exogenous oxytocin on milk production was
investigated during the 1950s and 1960s. Results obtained in
mothers of healthy term infants suggested that exogenous
oxytocin administered by a variety of routes (sublingual,
buccal, nasal) is effective at producing milk ejection.16–22 A
single study comparing nasal oxytocin with placebo in
mothers expressing milk for preterm infants was performed
25 years ago.23 The effect of oxytocin was so dramatic that the

trial was stopped after eight primigravid women had been
studied. However, despite this finding, and the fact that no
safety concerns have ever been raised, oxytocin has not
become established as a means of improving milk output in
mothers of preterm infants in the United Kingdom; indeed,
nasal oxytocin has not been licensed in the United Kingdom
since the 1960s. To establish whether this intervention
should be available to contemporary mothers, we therefore
performed a randomised, double blind, placebo controlled
trial to evaluate the safety and efficacy of nasal oxytocin in
the neonatal unit setting.

METHODS
Mothers who had delivered an infant at ,35 weeks
completed gestation and who were planning to express
breast milk were recruited from the Elizabeth Garrett
Anderson Hospital, UCLH, London, between March 2003
and April 2004. In most cases, women were provided with
information about the trial before delivery. Written informed
consent was obtained post partum. Ethical approval was
obtained from the University College Hospitals Research
Ethics Committee. A certificate of exemption (DDX certifi-
cate) was obtained from the Medicines Control Agency for
use of oxytocin nasal spray in the context of this clinical trial.

The mother was randomised to use either the active
oxytocin spray or placebo spray. Randomisation assignments
were prepared by DJP Clinical Trial Supplies (Abergevenny,
Wales, UK) in permuted blocks of randomised length.
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Randomisation was stratified by parity (primigravida versus
mulitigravida) and by infant gestation (,30 weeks versus
30+ weeks). Mothers and investigators were blind to the
assignment until after data analyses were completed.
Baseline characteristics of the mothers and obstetric data
were collected, including obstetric history and details of
previous breast feeding or experience of milk expression.

Sprays
Sprays were prepared by DJP Clinical Trials Supplies Ltd.
Oxytocin sprays were obtained from the manufacturer
(Syntocinon Nasal Spray; Novartis, Frimley, Surrey, UK)
and contained 40 IU synthetic oxytocin (Syntocinon) per ml
(total content 5 ml). Placebo sprays were prepared contain-
ing sterile normal saline plus benzalkonium chloride as
preservative (to mimic the active spray). Empty oxytocin
spray bottles were not available to us. To ensure blinding,
oxytocin was therefore transferred (under sterile conditions)
into the same type of bottle as the placebo, with the same
dose per activation as the original oxytocin bottle. Once
prepared, sprays were numbered and the randomisation
schedule prepared as described above. The oxytocin content
of the trial sprays was measured at the start of the study and
again after six months, to check for potential loss of activity
due to adsorption; no significant decrease was found in trial
sprays relative to unaltered sprays at either time point.

Protocol
Each mother received the same standard advice about
expressing milk and using the breast pump. The Egnell
Ameda Elite pump was used by all subjects, generally in
single pumping mode, which was the neonatal unit policy.
Mothers were advised to express milk at least every three
hours and were also instructed in the use of hand massage
before pumping. Advice was provided by the staff on the
postnatal ward and neonatal unit, but also by the study
research nurse, who was available for contact by phone at all
times and who saw each mother at least daily during the
study.

The research nurse instructed the mothers in using the trial
spray. Mothers were advised to administer one spray (100 ml)
two to five minutes before expressing milk from each breast
as per the manufacturer’s instructions. To administer the
spray, the mother sat upright, held the bottle upright,
inserted the nozzle into one nostril, and inhaled gently
through the nose while depressing the activator once. Each
bottle contained the equivalent of 50 doses, and was expected
to last at least five days, allowing for some wastage. In the
unlikely event that a mother used up her spray before five
days, a second spare spray with the same contents as the
original was allocated by a member of the team not involved
in other aspects of the project. Before allocation, sprays were
kept at 4 C̊; once in use, they were kept at room temperature
for the duration of the study.

Outcome measures
Primary outcome measure: milk volume
Each mother completed a daily record form until the spray
was finished, or until day 7, recording the time started and
finished and the weight of milk obtained each time she
expressed milk. The mother was shown how to tare a digital
scale with the empty bottle before expressing milk, and how
to record the weight of milk afterwards.

Secondary outcome measures

(a) Total number of pumping sessions during the study
period

(b) Milk volume and fat content over a fixed 20 minute
period of milk expression (‘‘physiological study’’). On
day 5, each mother was asked to express milk under
observation for 10 minutes from each breast having
first used her assigned spray. The milk expressed was
collected using fine tubing in place of the normal bottle,
and the volume for each one minute interval recorded.
Small samples were taken at one minute intervals for
determination of milk fat using the creamatocrit
method.24 The remainder of the milk was retained for
use by the infant.

(c) Mothers’ opinions. At the completion of the study, each
mother was asked to complete a short questionnaire
asking about her experience of expressing milk and use
of the spray on an analogue scale, with 1 representing
the best score, 7 the worst, and 4 a neutral position. The
questionnaire asked four questions: (a) How easy did
you find expressing milk? (b) How comfortable did you
find expressing milk? (c) How pleasant did you find
expressing milk? (d) Did you find the spray helpful?
Mothers were also asked to report adverse effects of
their spray if and when they occurred.

Historical control data
Comparable historical data on milk production were not
available from the neonatal unit involved in this study. To
examine whether the extra support available to both groups
of mothers in this study resulted in beneficial effects on milk
production, or whether there was a placebo effect of
providing a spray regardless of its content, we therefore used
historical data from a similar population of mothers studied
previously on a different unit but using the same methodol-
ogy. These mothers also used the Egnell Ameda electric
pump, forming one limb of a randomised trial evaluating the
use of two breast pumps in the neonatal unit setting.10 They
received routine lactation support from the ward nursing
staff without additional support from the research nurses.
Data were available for median milk weights between days 2
and 5 and for the number of pumping sessions per day.

Sample size
The single previous study comparing oxytocin nasal spray
with placebo in mothers with preterm infants reported a
dramatic effect of oxytocin, with around 5SD difference in
milk production between days 2 and 5 between groups in
primiparous women.23 To detect a more modest 1SD
difference in outcome at 5% difference with 80% power
would require 16 women per group. For the physiological
study, on the basis of our previous data on the pattern of milk
flow during expression using the Egnell Ameda breast
pump,10 the mean (SD) flow during the first four minutes
was 5.7 (4.3) ml/min. Allowing for skewed distribution, a
minimum of 19 mothers in each group would allow detection
of a 1SD increase in milk flow in mothers using the oxytocin
spray compared with the placebo at 5% significance with 80%
power. To allow for mothers failing to complete all parts of
the study, we aimed to recruit 25 subjects per group.

Statistical analysis
Analyses were performed on an intention to treat basis, then
repeated for mothers with complete five day milk records.
Categorical variables were compared using a x2 test. Milk
weight data were skewed and were therefore transformed to
natural logarithms. To compare patterns of milk production
over time between randomised groups and to examine the
effect of parity, we used repeated measures analysis of variance.
Subsequent comparisons were made between sprays for each
day. Different models were investigated to obtain the best fit.
Analyses were performed using SPSS and STATA.
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RESULTS
Fifty one mothers were randomised, 27 to the active oxytocin
spray and 24 to placebo. Milk volume records were completed
by 25 mothers using oxytocin and 23 using placebo. One
mother from each group failed to fill in any records. An
additional mother using oxytocin developed eclampsia post
partum and had delayed onset of lactation with no milk
production during the five day study period; she subse-
quently produced milk after day 7. Complete five day milk
records were available for 42 mothers, 21 randomised to each
spray. Reasons for not completing the full five day record
were: spray ran out during day 5 (2 6oxytocin); mother did
not express milk for one or more days (no particular reason
identified; 2 6 oxytocin, 1 6 placebo); one mother using
placebo developed a pulmonary embolus secondary to a
central venous line used for parenteral nutrition and was
unable to express milk after day 3. The physiological study
was completed by 26 mothers using oxytocin and 22 using
placebo. No adverse effects of either the active or placebo sprays
were reported. Table 1 shows the baseline characteristics. There
were no significant differences between the groups.

Intention to treat analysis
Main outcome measure: milk production
Table 2 (which can be found at http://adc.bmjjournals.com/
supplemental/) shows results for reported milk production
during the study. Milk production was slightly higher in
mothers using oxytocin spray on days 1–3. After correction
for multiple comparisons, the difference was significant only
for day 2. There was no significant difference in the
cumulative weight of milk produced over days 1–5 between
oxytocin and placebo groups (oxytocin group median 667
(25th, 7th centiles 206, 1203) g, placebo group 530 (394,
778) g; p = 0.9). The variability in milk production between
individual mothers in both randomised groups is well
demonstrated by the individual plots shown in fig 1.

The pattern of milk production was significantly different
between the randomised groups (p = 0.001 for linear trend,
repeated measures analysis of variance), with the oxytocin
group producing more milk over the first two days, but the
placebo group then matching and exceeding them (fig 2). We
investigated the use of other relations between milk weight
and study day, such as quadratic and logistic models. All

models produced broadly similar results, suggesting that
there was some evidence of a difference in the pattern of milk
production between the two sprays.

The mean (SD) number of pumping sessions per day over
days 1–5 did not differ significantly between groups
(oxytocin 3.4 (0.8) v placebo 3.6 (0.9); p = 0.4). The mean
time spent expressing milk per day over the five day study
period was 84 (24) minutes for the oxytocin group and 95
(29) minutes for the placebo group (p = 0.14). The mean
volume of milk expressed per minute over the study period
was 1.89 (1.6) for the oxytocin group and 1.51 (1.2) for the
placebo group (p = 0.4). The values of these parameters for
individual study days are provided in table 2 for information.

Physiological test
The cumulative milk volumes for both first and second
breasts were not significantly different between oxytocin and
placebo groups (side 1, oxytocin 34.8 (18.3) ml v placebo 40.5
(22.2) ml; p = 0.3; side 2, oxytocin 37.1 (23.9) ml v placebo
33.0 (20.7) ml; p = 0.5). Using repeated measures analysis
of variance, the pattern of milk production was not
significantly different between spray groups for either breast
(fig 3).

The mean creamatocrit of milk expressed was not
significantly different between spray groups (side 1, oxytocin
7.95 (2.4) v placebo 7.96 (3.1); p = 0.99; side 2, oxytocin 8.00
(2.7) v placebo 8.85 (3.1); p = 0.4). The pattern of
creamatocrit over each 10 minute period was not affected
by the randomised spray.

Mothers’ opinions of sprays
Figure 4 (which can be found at http://adc.bmjjournals.com/
supplemental/) summarises the results of the questionnaire.
There were no significant differences between the ratings
awarded by mothers using the different sprays for any
parameter. Twenty eight mothers expressed a strong opinion
of whether they had the active spray or placebo. Twenty two
were convinced that they had the active spray; many asked
for a replacement spray and/or reported that their milk
production dropped when the spray ran out. Of these 22
mothers, nine (41%) were actually receiving placebo. In
contrast, only one of the six (16%) mothers convinced that
she was using placebo was actually receiving the active spray.

Analysis of daily milk volume data for mothers with
complete five day records (21 per group)
This produced similar results to those from the whole cohort
(data not shown).

Effect of parity
Thirty three subjects were primiparous (17 randomised to
oxytocin, 16 to placebo) and 18 subjects were multiparous
(10 oxytocin, eight placebo). There was a trend towards
greater milk production by multiparous mothers (cumulative
weights (median (25th, 75th centiles): day 1, 6 (0, 61) v 1 (0,
13) g; day 2, 54 (14, 238) v 15 (6, 74) g; day 3, 177 (77, 604) v
69 (34, 232) g; day 4, 356 (199, 939) v 237 (143, 422) g; day
5, 691 (429, 1236) v 473 (254, 717) g. However, in a repeated
measures analysis of variance, there was no significant main
effect of parity on milk production, and no interaction
between parity and oxytocin spray (p = 0.8), suggesting that
the effect of the oxytocin spray was similar in the two groups.
Parity did not significantly influence the weight or creama-
tocrit of milk expressed during the physiological study and
there was no interaction between oxytocin and parity.

Comparison with historical reference data
Milk production in this study was slightly higher on days 2 and
3 than in 17 women from our previous study (table 2), but the

Table 1 Baseline characteristics of the groups
randomised to oxytocin spray or placebo spray

Oxytocin
(n = 27)

Placebo
(n = 24)

Maternal age (years)* 31.5 (5.5) 30.8 (6.7)
Mothers with degree or higher
professional qualification

18 (67) 14 (58)

Mother married or with partner 26 (96) 21 (87)
Ethnic group of mother

White/Asian 18 (67) 16 (67)
Black 9 (33) 8 (33)

Multiple birth 4 (15) 5 (21)
Previous breast feeding experience 5 (19) 5 (21)
Previous pumping experience 6 (22) 3 (13)
Mode of delivery

Elective LSCS 12 (44) 5 (21)
Emergency LSCS 4 (15) 5 (21)
Vaginal delivery 11 (41) 14 (58)

Infant intubated at birth 11 (41) 16 (59)
Infant held by mother at birth 3 (11) 5 (21)
Male infants 18 (56) 14 (44)
Infant birth weight (g)* 1380 (604) 1315 (603)
Infant gestation (weeks)* 29.9 (2.8) 29.0 (3.7)

Results are number (%) unless stated otherwise.
*Mean (SD).
LSCS, Lower segment caesarean section.

Oxytocin nasal spray and breast milk production F171

www.archdischild.com



difference was not significant. The mean (SD) number of times
that mothers expressed per day was 3.6 (1.0) for the present
study and 3.5 (0.9) for the previous study.

DISCUSSION
The use of nasal oxytocin spray did not significantly improve
milk production during the first five days post partum in
mothers expressing milk for their preterm infant. Although
there was some evidence that oxytocin resulted in a different
pattern of milk production, with greater amounts expressed
during the first two days, by five days post partum the

placebo group were producing greater amounts, and the total
milk production over the five day period was not significantly
different between the groups.

Mothers of preterm infants are increasingly encouraged to
provide breast milk for their infant, and it is important to
investigate techniques for supporting them and maximising
milk production. Several methods aimed at improving milk
production in the neonatal unit setting have been evaluated;
they include increasing the frequency of pumping,8 hand
massage before pumping,9 the use of more physiologically
designed breast pumps,10–12 and different pumping regimens.9 12
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Figure 1 Plots of daily milk production data for individual women, according to randomised spray assignment. (A) Oxytocin spray; (B) placebo spray.
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Pharmacological manipulation of the hormones involved in
lactation has also been attempted. For example, dopaminergic
antagonists such as metoclopramide are often used in an
attempt to increase plasma prolactin concentrations and milk
output. A few published data13 14 suggest that this intervention
may be beneficial beyond the first month post partum when
plasma prolactin concentrations decline in some women.15

However, in our experience, many mothers stop expressing
milk earlier in the postnatal period, often because they are

disheartened by their apparently poor milk production. Simply
advising such mothers to express more frequently may not be
very effective in this situation. Problems with milk output early
in the postpartum period may relate more to inadequate
production of oxytocin than to prolactin deficiency. Oxytocin
secretion is highly sensitive to psychological cues and is easily
inhibited by stress. During normal lactation, oxytocin produc-
tion is stimulated by numerous visual, auditory, and olfactory
stimuli from the infant that are missing in the situation of a
mother expressing milk in the neonatal unit.

A single study of nasal oxytocin versus placebo in mothers
expressing milk for preterm infants reported such a dramatic
effect of oxytocin on milk production that the trial was
discontinued after eight primigravid mothers had been
studied.23 Interestingly there was a significant interaction
between parity and treatment on milk volume, with a greater
effect of oxytocin in primiparous women than in multiparous
women. The study was criticised on the basis that mothers
only expressed milk four times a day; however, our own data
suggest that this is true of many mothers today in the United
Kingdom. These findings seem difficult to reconcile with
those from our own trial, particularly as the protocols
(including the oxytocin dose) were similar, and we measured
milk production (by design) over the same period. Potential
explanations for the differences include the possibility that
the small number of women studied in the earlier trial may
not have been representative of the wider population, and
differences in data presentation and analysis. The previous
study presented means and standard deviations. We log-
transformed our data or used non-parametric statistics
because of the highly skewed nature of the data; in fact,
differences in milk volumes between groups in our own study
are greater when parametric statistics on untransformed data
are (inappropriately) used.

We considered the possibility that the activity of our
oxytocin sprays may have decreased during the course of the
study, as, in order to blind the trial, it was necessary to decant
the active oxytocin into different bottles. However, we found
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Figure 2 Mean daily milk production on days 1–5 of the study
according to spray used (error bars represent 95% confidence intervals).
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Figure 3 Milk production per minute in the physiological test. (A) First
breast; (B) second breast.

What this study adds

N Despite marginal differences in the pattern of early milk
production, the use of oxytocin nasal spray did not
significantly improve milk production in the early
postpartum period in mothers expressing milk for their
preterm infant

N There was some evidence that mothers benefited from the
extra lactation support available during the study period
plus the provision of a spray that they believed might
improve their milk production, illustrating the importance
of psychological factors and support in lactation

What is already known on this topic

N Human milk has considerable short and long term
benefits for preterm infants, but mothers often experi-
ence difficulties in expressing breast milk for their infant

N Methods shown to increase milk production include
increasing the frequency of pumping, hand massage
before expressing milk, breast pumps designed to
operate in a more physiological manner, and the use
of dopamine antagonists to increase plasma prolactin
concentrations
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no effect of recruitment date (representing the ‘‘age’’ of the
spray) on outcome. Moreover, chemical analyses showed no
significant decline in oxytocin in the repackaged sprays
compared with the manufacturer’s unaltered sprays over a
six month period.

Although our study showed no significant difference in
total milk production between randomised groups, or in the
parameters assessed by the questionnaire, it was apparent
that most of the mothers believed that they were receiving
the active spray. Indeed, many mothers complained that their
milk production declined when the spray was discontinued,
although, unfortunately, data were not collected for milk
production after the spray was stopped. The nursing staff on
the neonatal unit also felt that more milk was available for
the infants.

In summary, our randomised trial provided no evidence for
a significant beneficial effect of oxytocin nasal spray on milk
production during the first five days post partum. The study
population included a mix of social class and ethnic groups,
and our findings should therefore be generalisable to other
neonatal units. There was some evidence that mothers
benefited from the extra lactation support available during
the study period plus the provision of a spray that they
believed might improve their milk production, illustrating the
importance of support and psychological factors in lactation,
particularly in this vulnerable group of mothers.
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